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IMAGE FORMING APPARATUS

FIELD OF THE INVENTION AND RELATED
ART

The present invention relates to an image forming appara-
tus of an electrophotographic type in which a multi-color
image is formed on a recording material (medium) such as a
transfer(-receiving) material.

As the image forming apparatus, of the electrophoto-
graphic type, for forming the multi-color image, apparatuses
of various types have been proposed.

As one of such image forming apparatuses, an apparatus of
an in-line type in which image forming stations for yellow
(Y), magenta (M), cyan (C) and black (K) are provided in line
at a periphery of an intermediary transfer belt as an interme-
diary transfer member has been conventionally known. At
each of the image forming stations, a photosensitive drum
which is a drum-shaped electrophotographic photosensitive
member as an image bearing member is provided. At a
periphery of each photosensitive drum, a charging roller for
electrically charging the photosensitive drum surface, an
exposure device for exposing the charged photosensitive
drum surface to light depending on image information or the
like to form an electrostatic latent image, and a developing
means for developing the electrostatic latent image into a
toner image are provided. Depending on the image informa-
tion from a host computer, an image reading device or the
like, the toner image is formed on the photosensitive drum
and then is transferred from the photosensitive drum onto the
intermediary transfer belt. The transfer of the toner image
onto the intermediary transfer belt is carried out by applying
a transfer voltage to a transfer member located at an opposite
position of the photosensitive drum via the intermediary
transfer belt. In the conventional image forming apparatus, to
each of the transfer members, a high-voltage power source for
the transfer voltage is connected.

However, in recent years, as a result of advance of down-
sizing and cost reduction of the apparatus, an apparatus in
which commonality of the high-voltage power source, for the
transfer voltage, to be applied for transferring the toner (im-
age) from the photosensitive drum onto the intermediary
transfer belt is provided among a plurality of image forming
stations is disclosed.

For example, Japanese Laid-Open Patent Application (JP-
A) 2008-309904 discloses an image forming apparatus hav-
ing achieved commonality of a high-voltage power source
among three image forming stations. Such an image forming
apparatus is operable in a multi-color mode in which image
formation is eftfected simultaneously at all the image forming
stations for yellow (Y), magenta (M), cyan (C) and black (K).
Inthe multi-color mode, a voltage of the same value is applied
from a common power source to primary transfer members of
all the image forming stations, and therefore a current flows
through all the image forming stations.

On the other hand, e.g., in the case where the image for-
mation is carried out only at the black image forming station
(in the case where an operation in a monochromatic mode is
executed), the current flows through only the black image
forming station. For example, in the case of a constitution in
which the primary transfer members of the yellow, magenta
and cyan image forming stations as non-image forming sta-
tions are spaced from the intermediary transfer belt, current
paths of the yellow, magenta and cyan image forming stations
are blocked. For this reason, the current flows through only
the black image forming station.

10

15

20

25

30

35

40

45

50

55

60

65

2

In this way, in the image forming apparatus capable of
executing the operations in the multi-color mode and the
monochromatic mode, there is the case where the operation in
the monochromatic mode is executed for a longer time than
the operation in the multi-color mode, and in such a case,
image defect can occur due to an imbalance in mode.

SUMMARY OF THE INVENTION

A principal object of the present invention is to provide an
image forming apparatus capable of suppressing image
defect generated due to continuous image formation in an
operation in a monochromatic mode.

These and other objects, features and advantages of the
present invention will become more apparent upon a consid-
eration of the following description of the preferred embodi-
ments of the present invention taken in conjunction with the
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic sectional view for illustrating an
image forming apparatus in Embodiment 1 according to the
present invention.

In FIG. 2, (a) to (d) are schematic sectional views for
illustrating a contact-and-separation state of primary transfer
members of the image forming apparatus in Embodiment 1,
in which (a) shows a contact state of the primary transfer
members of all of image forming stations, (b) shows a contact
state of the primary transfer member of only a black image
forming station, (c) shows a spaced state of the primary trans-
fer members of all the image forming stations, and (d) shows
a contact state of the primary transfer members of the image
forming stations except the black image forming station.

In FIG. 3, (a) and (b) are schematic sectional views for
illustrating a contact-and-separation unit for moving the pri-
mary transfer member toward and away from a photosensitive
drum via an intermediary transfer belt in the image forming
apparatus in Embodiment 1, in which (a) shows a contact
state, and (b) shows a spaced state.

In FIG. 4, (a) to (c) are time charts for illustrating image
forming sequences of the image forming apparatus in
Embodiment 1, in which (a) shows a first monochromatic
image forming sequence, (b) shows a second monochromatic
image forming sequence, and (c) shows a full-color image
forming sequence.

FIG. 5 is a flow chart showing a flow of mode determina-
tion of the monochromatic image forming modes in the image
forming apparatus in Embodiment 1.

In FIG. 6, (a) and (b) are graphs each showing a resistance
progression with a print number, in which (a) shows the
resistance progression with the print number at each image
forming station in an image forming apparatus in Conven-
tional example, and (b) shows the resistance progression with
the print number at each image forming station in the image
forming apparatus in Embodiment 1.

In FIG. 7, (a) and (b) are graphs each showing a relation-
ship between a primary transfer voltage, a current and image
defect in the image forming apparatus in Conventional
example or Embodiment 1, in which (a) shows the case of the
image forming apparatus in Conventional example, and (b)
shows the case of the image forming apparatus in Embodi-
ment 1.

In FIG. 8, (a) and (b) are a time chart showing an image
forming sequence and a graph showing a resistance progres-
sion with a print number, respectively, in Embodiment 2, in
which (a) shows a third monochromatic image forming
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sequence, and (b) shows the resistance progression with the
print number at the respective image forming stations.

In FIG. 9, (a) and (b) are a time chart showing an image
forming sequence and a graph showing a resistance progres-
sion with a print number, respectively, in Embodiment 3, in
which (a) shows a third monochromatic image forming
sequence, and (b) shows the resistance progression with the
print number at the respective image forming stations.

DESCRIPTION OF THE EMBODIMENTS

With reference to the drawings, embodiments of the image
forming apparatus according to the present invention will be
described specifically below.
<Embodiment 1>
(General Structure of Image Forming Apparatus)

FIG. 1 is a schematic sectional view showing a general
structure of an image forming apparatus 100 according to this
embodiment of the present invention. The image forming
apparatus 100 in this embodiment is a full-color laser beam
printer of an electrophotographic type.

In the image forming apparatus 100, toner images of a
plurality of colors each formed on the associated image bear-
ing member in accordance with image information separated
into a plurality of color components are successively primary-
transferred superposedly onto an intermediary transfer belt
and thereafter are collectively secondary-transferred onto a
transfer material P (recording material) to obtain a recording
image.

The image forming apparatus 100 includes, as a plurality of
image forming portions, first to fourth image forming stations
Sy, Sm, Sc and Sk. The first to fourth image forming stations
Sy, Sm, Sc and Sk are disposed in a roughly linear shape along
an intermediary transfer belt 6 as an intermediary transfer
member in a belt shape.

The first to fourth image forming stations Sy, Sm, Sc and
Sk are used for forming toner images of yellow (Y), magenta
(M), cyan (C) and black (K), respectively. A constitution in
which when there is no remaining toner amount, a voltage
constituting each image forming station is replaceable with a
new unit is employed.

Constitutions and operations are common to the first to
fourth image forming stations Sy, Sm, Sc and Sk in many
cases, and therefore, in the case where there is no need to
particularly distinguish the image forming stations, descrip-
tion will be made by omitting suffixes, y, m, ¢ and k for
representing elements provided for associated colors.

The image forming apparatus 100 includes a photosensi-
tive drum 1 which is a drum-shaped electrophotographic pho-
tosensitive member as an image bearing member in the image
forming station S. Further, at a periphery of the photosensitive
drum 1, a charging roller 2 as a charging means, an exposure
device 3 as an electrostatic latent image forming means, a
developing device 4 as a developing means, and a cleaning
device 7 as a cleaning means are provided.

Further, a primary transfer brush 5 as a primary transfer
member for transferring the toner image formed on each
photosensitive drum 1 onto the intermediary transfer belt 6 is
provided at an opposing position to the photosensitive drum 1
via the intermediary transfer belt 6. Further, the image form-
ing apparatus 100 includes a secondary transfer means 8 for
transferring the toner image from the intermediary transfer
belt 6 onto the transfer material P, a fixing device 9 for fixing
the toner image transferred on the transfer material P, and a
feeding unit 23 or the like for feeding the transfer material P.
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Further, at a lower portion of the image forming apparatus
100, a transfer material cassette 21 for accommodating the
transfer material is provided.

The photosensitive drum 1 is rotationally driven in an
arrow R1 direction (counterclockwise direction), indicated in
FIG. 1, by a driving means (not shown). A surface of the
photosensitive drum 1 is electrically charged uniformly by
the charging roller 2.

Then, based on image information from an unshown host
computer or an unshown image reader, the surface of the
photosensitive drum 1 is irradiated with laser light L, in
accordance with the image information, emitted from the
exposure device 3, so that the electrostatic latent image is
formed on the photosensitive drum 1. When the surface of the
photosensitive drum 1 further moves in the arrow R1 direc-
tion, the electrostatic latent image formed on the surface of
the photosensitive drum 1 is developed and visualized as a
toner image by the developing device 4.

The developing device 4 effects development by deposit-
ing, on an image portion (exposed portion) on the uniformly
charged photosensitive drum 1, a toner charged to the same
polarity (negative) as a charge polarity (negative) of the pho-
tosensitive drum 1.

With respect to a rotational movement direction of the
surface of the photosensitive drum 1 shown by the arrow R1
in FIG. 1, an intermediary transfer belt 6 is disposed down-
stream of a developing position.

(Intermediary Transfer Belt)

Next, the intermediary transfer belt will be described.

The intermediary transfer belt 6 is a cylindrical and endless
belt-like film stretched by three rollers consisting of a driving
roller 61, a secondary transfer opposite roller 62 and a tension
roller 63.

As abase resin material for the intermediary transfer belt 6,
it is possible to use thermoplastic resin materials such as
polycarbonate, polyvinylidene fluoride (PVDF), polyethyl-
ene, polypropylene, polymethylpentene-1, polystyrene,
polyamide, polysulfone, polyalylate, polyethylene terephtha-
late, polybutylene terephthalate, polyethylene naphthalate,
polybutylene naphthalate, polyphenylene sulfide, polyether
sulfide, polyether nitrile, thermoplastic polyamide, polyether
ether ketone, thermotropic liquid crystal polymer, and polya-
mide acid. These materials can also be in mixture of two or
more species. The intermediary transfer belt 6 contains an
electroconductive agent for imparting electroconductivity
thereto. In the image forming apparatus in this embodiment,
by employing an ion conductive intermediary transfer belt 6,
compared with the case where an electron conductive agent is
used, it is possible to suppress manufacturing tolerance in
resistance at a low level.

As the ion conductive agent, it is possible to use polyvalent
metal salts, quaternary ammonium salts, and the like. The
quaternary ammonium salt may contain a cationic compo-
nent, such as tetracthylammonium ion, tetrapropylammo-
nium ion, tetraisopropylammonium ion, tetrabutylammo-
nium ion, tetrapentylammonium ion, or
tetrahexylammonium ion, and an anionic component, such as
halogen ion, fluoroalkyl sulfate ion having 1-10 carbon
atoms, fluoroalkyl sulfite ion or fluoroalkyl borate ion.

The above-described ingredients are melt-kneaded and are
then subjected to molding appropriately selected from infla-
tion molding, cylindrical extrusion molding and injection
stretch blow molding, thus obtaining the intermediary trans-
fer belt 6 as a resin composition. Further, as a surface layer of
the intermediary transfer belt 6, an acrylic coat layer having a
high hermetically sealing property is provided.
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The intermediary transfer belt 6 is moved in an arrow R3
direction (clockwise direction) shown in FIG. 1 at the sub-
stantially same speed as a surface monochromatic speed of
the photosensitive drum 1 by rotational drive of the driving
roller 61 in an arrow R2 direction (clockwise direction)
shown in FIG. 1. At a position opposing the photosensitive
drum 1 via the intermediary transfer belt 6, a primary transfer
brush 5 (transfer means) is provided. The primary transfer
brush 5 is not configured to be rotated by rotation (movement)
of the intermediary transfer belt 6 as in the case of a transfer
roller, but is a fixed transfer member to be rubbed against the
intermediary transfer belt 6 with no rotation at a contact
portion. By the action of a transfer voltage applied from a
primary transfer power source (transfer high-voltage power
source) 50 to the primary transfer brush 5, the toner image
formed on the photosensitive drum 1 is transferred onto an
outer peripheral surface of the intermediary transfer belt 6
with rotation of the photosensitive drum 1 and the intermedi-
ary transfer belt 6. A primary transfer current supplied by the
primary transfer power source 50 is detected by a primary
transfer current detected circuit (not shown).

The primary transfer brush 5 in this embodiment is con-
tactable to and separable from the intermediary transfer belt 6
relative to the photosensitive drum 1 by a contact-and-sepa-
ration unit 70 specifically described later with reference to (a)
and (b) of FIG. 3. That is, as shown in (a) of FIG. 3, in a
contact state, brush fibers 11 held on a swingable arm 53
constituting the transfer brush 5 push up a back surface of the
intermediary transfer belt 6, so that the outer peripheral sur-
face of the intermediary transfer belt 6 is contacted to the
surface of the photosensitive drum 1 at a contact pressure of
400 gf. As shown in (b) of FIG. 3, in a spaced (separated)
state, the transfer brush 5 is spaced from the intermediary
transfer belt 6, and at the same time, the intermediary transfer
belt 6 is spaced from the photosensitive drum 1, with the
result that a current (flow) path is interrupted.

A transfer residual toner remaining on the photosensitive
drum 1 without being transferred onto the intermediary trans-
fer belt 6 in a primary transfer step is removed by the photo-
sensitive drum cleaning blade 7 and then is accommodated in
a residual toner box (container).

The above-described steps of charging, exposure, develop-
ment and transfer are carried out for the respective colors at
the first to fourth image forming stations Sy to Sk in the order
starting from an upstream side of a movement direction of the
outer peripheral surface of the intermediary transfer belt. As
a result, a full-color image obtained by the four color toner
images superposed on the intermediary transfer belt 6 is
formed on the intermediary transfer belt 6. A secondary trans-
fer roller 8 is urged toward the secondary transfer opposite
roller 62 via the intermediary transfer belt 6. The transfer
material P accommodated in the cassette 21 is after being fed
by a feeding roller 22, supplied by a registration roller pair 23
at predetermined timing into a nip N2 formed between the
intermediary transfer belt 6 and the secondary transfer roller
8. The toner images on the intermediary transfer belt 6 are
collectively transferred onto the transfer material P by the
action of a voltage applied from a secondary transfer power
source 80 to the secondary transfer roller 8.

At a position opposing the driving roller 61 via the inter-
mediary transfer belt 6, a cleaning blade 64 is provided, and
the toner remaining on the intermediary transfer belt 6 with-
out being transferred onto the transfer material P in a second-
ary transfer step is accommodated in a transfer residual toner
box (container) 65. The secondary-transferred toner images
on the transfer material P are fixed by heat and pressure at a
fixing nip formed by a fixing roller 41 and a pressing roller 42.
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Thereafter, the transfer material P is conveyed to an outside 7
of the image forming apparatus 100 by an unshown convey-
ing roller.

(Primary Transfer Current)

In this embodiment, for the purpose of cost reduction and
downsizing of the image forming apparatus 100, commonal-
ity of the primary transfer power source 50 for supplying
electric power to the primary transfer brushes 5y, 5m, 5¢ and
5k is achieved among the four image forming stations.
Accordingly, to each of the primary transfer brushes 5y, 5m,
5¢ and 5k of the image forming stations, a primary transfer
voltage of the same value is applied. As a result, in a state in
which all the image forming stations contact the intermediary
transfer belt 6 during full-color (multi-color) image forma-
tion as shown in (a) of FIG. 2, a current of the substantially
same value flows through each of the image forming stations.
On the other hand, in a state in which the primary transfer
brushes 5y, 5m and 5c¢ are spaced from the intermediary
transfer belt 6 during monochromatic image formation, i.e.,
during single color image formation for black (K) in this
embodiment as shown in (b) of FIG. 2, current paths along
which the current flows through the image forming stations
Sy, Sm and Sc are interrupted. For this reason, the current
does not flow through the image forming stations Sy, Sm and
Sc, but flows through only the black image forming station Sk
kept in the contact state.

With reference to (a) and (b) of FIG. 20, the primary
transfer brush 5 and the contact-and-separation unit 70 will be
described.

(Primary Transfer Brush)

At a primary transfer portion of the image forming appa-
ratus 100 in this embodiment, the primary transfer brush 5 is
disposed at an opposing portion to the photosensitive drum 1
via the intermediary transfer belt 6. The primary transfer
brush 5 as a brush-like transfer member of the image forming
apparatus 100 in this embodiment includes the brush fibers 11
held by a base (holding portion) 53. The base 53 is provided
with the brush fibers 11 at an end surface 534 in a side where
the brush fibers 11 are contactable to the intermediary transfer
belt 6. At the other end surface 535, the base 53 is swingably
fixed to a frame 55 as a device base by a shaft 54. In a back
surface side, opposite from the brush fibers 11, of the base 53
which is a swingable arm, an urging spring 9 contacts the
swingable arm 53 at an end portion 9a¢ and urges the brush
fibers 11 toward the intermediary transfer belt 6. At the other
end portion 96 of the urging spring 9 in a side where the
urging spring 9 does not contact the swingable arm 53, the
urging spring 9 is supported by the frame 55. Further, at a
portion over and in the neighborhood of the shaft 54 of the
swingable arm 53, an eccentric cam 21 is provided in the
intermediary transfer belt 6 side.

The primary transfer brush 5 pushes up the intermediary
transfer belt 6 by an urging force of the urging spring 9, so that
the outer peripheral surface of the intermediary transfer belt 6
contacts the photosensitive drum 1 at a contact pressure of
400 gf ((a) of FIG. 3).

Further, as shown in (a) to (d) of FIG. 2, to each of the
primary transfer brushes 5, the primary transfer power source
50 is connected. The primary transfer power source 50 sup-
plies electric power to the brush fibers 11 via the spring 9. The
brush fibers 11 are constituted by electroconductive fibers,
and as the electroconductive fibers, fibers formed of a mate-
rial, such as nylon or polyester, in which carbon black powder
is dispersed are used. In this embodiment, electroconductive
fibers of the type in which the carbon black powder is dis-
persed in nylon are used. The brush fibers 11 may desirably
have single yarn fineness in a range of 2-15 dtex. In this
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embodiment, the brush fibers 11 having the single yarn fine-
ness of 7 dtex are used. A resistivity pfiber of the brush fibers
11 may suitably be in a range of 10-10® Q.cm for the purpose
of increasing transfer efficiency. In this embodiment, the
brush fibers 11 having the resistivity of 105 ©.cm are used.
(Contact-and-separation Unit)

InFIG. 3, (a) and (b) are schematic enlarged views showing
the contact-and-separation unit 70 for each of the primary
transfer brushes 5y, 5m, 5S¢ and 5%. The same constitution is
employed in the respective image forming stations Sy, Sm, Sc
and Sk, and therefore, in the following, suffixes y, m, c and k
will be omitted. The eccentric cam 21 is, when an unshown
clutch is connect thereto, rotated in an arrow R6 direction in
the figures by a driving force transmitted from an unshown
gear mounted coaxially with the secondary transfer opposite
roller 62. The eccentric cam 21 in this embodiment has a short
diameter 214a and a long diameter 215 as shown in (a) of FIG.
3. The eccentric cam 21 has a structure such that an outer
diameter portion thereof does not contact the swingable arm
53 when the neighborhood of an outer diameter point 21a' of
the short diameter 214 is directed toward the swingable arm
53 side. Further, as shown in (b) of FIG. 3, an outer diameter
point 215' of the long diameter 215 is directed toward the
swingable arm 53 side, the outer diameter point 215' of the
eccentric cam 21 contacts the swingable arm 53, and at the
same time, the swingable arm 53 is urged, so that the swing-
able arm 53 is substantially in parallel to the intermediary
transfer belt 6.

When the eccentric cam 21 is rotated in the arrow R6
direction from the state in which the point 215' thereof in the
long diameter 215 side is directed toward the swingable arm
53 side, the urging of the eccentric cam 21 against the swing-
able arm 53 is released (eliminated), so that the swingable
arm 53 is rotated in an arrow R7 direction shown in (a) of FIG.
3 about the swing shaft 54 by the urging force of the urging
spring 9. At this time, the eccentric cam 21 is rotated so that
the short diameter 214 side of a diameter from a rotation shaft
thereof is directed toward the base 53 as the swingable arm.
When the swingable arm 53 is rotated, the primary transfer
brush 5 pushes up the intermediary transfer belt 6 by the
urging force of the urging spring 9, so that the outer peripheral
surface of the intermediary transfer belt 6 contacts the pho-
tosensitive drum 1 at the contact pressure of 400 gf. This state
is hereinafter referred to as a contact state. In FIG. 3, (a)
shows the contact state in which the primary transfer brush 5
urges the intermediary transfer belt 6 to bring the intermedi-
ary transfer belt 6 into contact with the photosensitive drum 1.

When the eccentric cam 21 is further rotated from the
contact state in the arrow R6 direction by the driving force
transmitted from the unshown gear, a state in which the point
214" of the eccentric cam 21 in the long diameter 215 side is
directed toward the swingable arm 53 side is created. At this
time, as shown in (b) of FIG. 3, the outer diameter point 215'
of'the outer diameter 215 of the eccentric cam 21 contacts the
swingable arm 53, whereby the swingable arm 53 is pushed
down. Then, the primary transfer brush 5 is spaced from the
intermediary transfer belt 6, and at the same time, the inter-
mediary transfer belt 6 is spaced from the photosensitive
drum 1. This state is hereinafter referred to as a spaced (sepa-
rated) state. In FIG. 3, (b) shows this spaced state. In the
image forming apparatus 100 in this embodiment, at the time
of start and end of the image formation, a full spaced state in
which the primary transfer brushes 5 are spaced from the
intermediary transfer belt 6 at all the image forming stations,
Sy, Sm, Sc and Sk is created.
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(Image Forming Sequence)

The image forming apparatus 100 in this embodiment is
capable of executing a first monochromatic image forming
sequence and a second image forming sequence shown in (a)
and (b) of FIG. 4, respectively. The first monochromatic
image forming sequence is a monochromatic image forming
sequence in which monochromatic image formation is
effected similarly as in a conventional monochromatic image
forming sequence. The second monochromatic image form-
ing sequence is a monochromatic image forming sequence
executed depending on a print number of monochromatic
image formation continuously effected for a predetermined
time, and is an image forming sequence peculiar to the image
forming apparatus 100 in this embodiment. In this embodi-
ment, in accordance with a flowchart shown in FIG. 5,
whether or not which of the first and second monochromatic
image forming sequences should be executed is determined.
In FIG. 4, (c) shows a sequence during full-color image
formation. The sequence during the full-color image forma-
tion (full-color image forming sequence) will be described
later. Here, the black photosensitive drum 1 in the monochro-
matic image formation is referred to as a first image bearing
member, and the black primary transfer brush 5% is referred to
as a first transfer member. Further, the yellow, magenta and
cyan photosensitive drums 1y, 1m and 1c¢ in the full-color
image formation are referred to as a second image bearing
member, and the corresponding primary transfer brushes 5y,
5m and 5c¢ are referred to as a second transfer member.

First, the first and second monochromatic image forming
sequences will be described below.

(First Monochromatic Image Forming Sequence)

In this embodiment, (a) of FIG. 4 shows a sequence chart
the first monochromatic image forming sequence. The first
monochromatic image forming sequence will be described
with reference to FIG. 1, (b) and (¢) of FIG. 2, and (a) of FIG.
4. The first monochromatic image forming sequence shown
in (a) of FIG. 4 is a sequence for performing a monochromatic
image forming operation similarly as in the conventional
monochromatic image forming sequence. In this embodi-
ment, the monochromatic image forming operation for black
(K) is performed.

When CPU 51 as a controller shown in FIG. 1 receives a
print signal from an unshown host information device such as
apersonal computer, the CPU 51 starts a printing operation to
activate (actuate) an unshown intermediary transfer belt driv-
ing motor (step 1). The CPU 51 rotates the eccentric cam 21&
of the black image forming station Sk by connecting an
unshown clutch with the eccentric cam 21k%. Then, as shown in
(b) of FIG. 2, only the primary transfer brush 5% as the first
transfer member is placed in the contact state with the inter-
mediary transfer belt 6 toward the photosensitive drum 1% as
the first image bearing member (step 2). After the primary
transfer brush 5% is placed in the contact state, the primary
transfer power source 50 as a high-voltage power source is
activated (step 3). The CPU 51 effects a constant current
control of the primary transfer power source 50 at a target
current Im, and then stores a generated voltage value Va ofthe
primary transfer power source 50 at that time for a predeter-
mined time to calculate an average Vp (step 4). After the
calculation of the average Vp, Vp is applied as a transfer
voltage for the image formation, that the toner image is trans-
ferred from the photosensitive drum 1% onto the outer periph-
eral surface of the intermediary transfer belt 6 (step 5). After
the toner image is completely transferred from the photosen-
sitive drum 1% onto the outer peripheral surface of the inter-
mediary transfer belt 6, the application of the transfer voltage
Vp is ended and then the primary transfer power source 50 is
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deactivated (step 6). After the deactivation of the primary
transfer power source 50 is ended, the CPU 51 connects the
unshown clutch to the eccentric cam 214 to rotate the eccen-
tric cam 214, so that as shown in (¢) of FIG. 2, the primary
transfer brush 5% is placed in the spaced state from the inter-
mediary transfer belt 6 (step 7). After the spacing operation is
ended, the unshown intermediary transfer belt driving motor
is deactivated (step 8).

(Second Monochromatic Image Forming Sequence)

In this embodiment, (b) of FIG. 4 shows a sequence chart
the second monochromatic image forming sequence. The
second monochromatic image forming sequence will be
described with reference to FIG. 1, (b) and (c¢) of FIG. 2, and
(b) of FIG. 4.

When the CPU 51 receives a print signal from an unshown
host information device such as a personal computer, the CPU
51 starts a printing operation to activate (actuate) an unshown
intermediary transfer belt driving motor (step 1). The CPU 51
rotates the eccentric cam 21k of the black image forming
station Sk by connecting an unshown clutch with the eccen-
tric cam 21%. Then, as shown in (b) of FIG. 2, only the primary
transfer brush 5% is placed in the contact state with the inter-
mediary transfer belt 6 toward the photosensitive drum 1%
(step 2). After the primary transfer brush 5% is placed in the
contact state, the primary transfer power source 50 is acti-
vated (step 3). The CPU 51 effects a constant current control
of'the primary transfer power source 50 at a target current Im,
and then stores a generated voltage value Va of the primary
transfer power source 50 at that time for a predetermined time
to calculate an average Vp (step 4). After the calculation of the
average Vp, Vp is applied as a transfer voltage for the image
formation, that the toner image is transferred from the pho-
tosensitive drum 1% onto the outer peripheral surface of the
intermediary transfer belt 6 (step 5). After the toner image is
completely transferred from the photosensitive drum 1% onto
the outer peripheral surface of the intermediary transfer belt
6, the application of the transfer voltage Vp is ended and then
the primary transfer power source 50 is deactivated (step 6).
After the deactivation of the primary transfer power source 50
is ended, application of an adjusting voltage Vn of a polarity
opposite to the polarity of the transfer voltage Vp is started at
this time as non-image formation time (step 7). The adjusting
voltage Vn of the opposite polarity is applied for a predeter-
mined time T1 (step 8). After the adjusting voltage Vn of the
opposite polarity is applied for the predetermined time T1, the
primary transfer power source 50 is turned off (step 9). After
the adjusting voltage Vn of the opposite polarity is turned off,
the CPU 51 connects the unshown clutch to the eccentric cam
21kto rotate the eccentric cam 214, so that as shown in (¢) of
FIG. 2, the primary transfer brush 5% is placed in the spaced
state (step 10). After the spacing operation is ended, the
unshown intermediary transfer belt driving motor is deacti-
vated (step 11).

The first monochromatic image forming sequence ((a) of
FIG. 4) and the second image forming sequence ((b) of FIG.
4) are different in that the adjusting voltage Vn of the opposite
polarity to the polarity of the transfer voltage Vp is applied in
the second image forming sequence.

In the case where an ion conductive belt is used as the
intermediary transfer belt 6 in such an image forming appa-
ratus, the current flows through the belt, so that an electric
field is generated in a belt layer. By the electric field generated
in the belt layer, anion (negative ion) and cation (positive ion)
which provide an in conductive property receive forces from
the electric field, so that the positively charged cation is
moved in a direction of the electric field, and the negatively
charged anion is moved by receiving the force in a direction
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opposite to the direction of the electric field. That is, when,
e.g., positive electric charges are applied to the primary trans-
fer member, the cation is moved toward the outer peripheral
surface side of the intermediary transfer belt 6, and the anion
is moved toward the inner peripheral surface side of the
intermediary transfer belt 6.

Accordingly, in the case where the image formation is
continuously carried out, when, e.g., a positive voltage is
applied as an image forming voltage to the primary transfer
member, the cation continuously receives the force toward the
outer peripheral surface side of the intermediary transfer belt
6. However, the intermediary transfer belt 6 has, as the surface
layer, the coat layer of acrylic resin or the like having the high
hermetically sealing property, and therefore, the cation is
blocked by the coat layer, so that the cation is not deposited on
the outer peripheral surface of the intermediary transfer belt
6.

On the other hand, the intermediary transfer belt 6 is not
provided in general at the back surface with the coat layer, and
therefore, the anion is moved toward the back surface side of
the intermediary transfer belt 6 by the continuously applied
force by the action of the electric field and is deposed on the
back surface of the intermediary transfer belt 6, so that a
compound is formed and loses electroconductivity thereof.

The compound which is deposited on the back surface of
the intermediary transfer belt 6 and which loses the electro-
conductivity causes an increase in surface resistance of the
primary transfer brush. As a result, in the case where the
image formation in the operation in the monochromatic
image forming mode is continuously carried out, the surface
resistance of the primary transfer brush at the black image
forming station is increased compared with those of the pri-
mary transfer brushes at other image forming stations. In this
state, the image formation is carried out in the operation in the
full-color image forming mode, at the black image forming
station, a transfer electric field is smaller than those at the
image forming stations correspondingly to a voltage influ-
enced by a deposit deposited on the primary transfer brush.

Here, when an output value of the primary transfer power
source 50 for applying the transfer voltage to the primary
transfer brush is optimized for the image forming stations
other than the black image forming station, i.e., for the yellow,
magenta and cyan image forming stations, the electric field is
insufficient at the black image forming station. By this insuf-
ficient electric field, a phenomenon such that the toner image
on the photosensitive drum at the black image forming station
cannot be transferred onto the intermediary transfer belt gen-
erates (weak-field transfer error (failure)).

On the other hand, when the output value of the primary
transfer power source 50 for applying the transfer voltage to
the primary transfer brush is optimized for the black image
forming station, the transfer electric field becomes exces-
sively strong at the yellow, magenta and cyan image forming
stations. For this reason, a phenomenon such that triboelectric
charges of the toners on the photosensitive drums at the yel-
low, magenta and cyan image forming stations are reversed by
electric discharge and thus the toner images cannot be trans-
ferred onto the intermediary transfer belt generates (strong-
field transfer error (failure)).

As described above, when the monochromatic image for-
mation is repeated only in the first image forming sequence,
in the ion conductive intermediary transfer member (interme-
diary transfer belt 6), the anion is moved toward the primary
transfer member (primary transfer brush 5) side by the elec-
tric field and then is deposited. As a result, the resistance of
the primary transfer brush 5% at the black image forming
station Sk is increases, so that the image defect is generated



US 9,158,241 B2

11

due to a resistance difference even when a predetermined
current is caused to flow through the primary transfer brush
5k. However, in the second monochromatic image forming
sequence, by applying the adjusting voltage Vn of the oppo-
site polarity to the polarity of the transfer voltage Vp, the
anion moved to the primary transfer brush 5% side can be
moved back from the primary transfer brush 5% side toward
the photosensitive drum 1 side.

As described above, in the case where the monochromatic
image formation is continuously effected for the predeter-
mined time, i.e., when the image formation of a plurality of
transfer materials is continuously carried out, under applica-
tion of the transfer voltage Vp during the monochromatic
image formation, the anion is moved toward the back surface
side of the belt by the transfer electric field. However, the
second monochromatic image forming sequence is executed
to apply the adjusting voltage Vp of the opposite polarity to
the polarity of the transfer voltage Vp, so that the anion is
returned toward the front surface side of the belt. As a result,
the deposition of the anion in the belt back surface side is
suppressed and prevented, so that the increase in resistance at
the black image forming station is suppressed and prevented.
That is, after end of the single color image formation which is
the monochromatic image formation, the adjusting voltage
Vn of the opposite polarity to the polarity of the transfer
voltage Vp is applied to the corresponding primary transfer
brush 5k, whereby the deposition of the anion on the inter-
mediary transfer belt 6 is suppressed, and thus it is possible to
suppress and prevent the increase in resistance. Here, such an
operation in which the adjusting voltage Vn of the opposite
polarity to the polarity of the transfer voltage Vp is applied to
the associated primary transfer brush 5% after the single color
image formation is ended is referred to as an adjusting opera-
tion, and the adjusting operation is executed by carrying out
the second monochromatic image forming sequence.
(Full-color Image Forming Sequence)

In this embodiment, (¢) of FIG. 4 shows a sequence chart
during the full-color image forming sequence. The full-color
image forming sequence will be described with reference to
FIG. 1, (a) and (¢) of FIG. 2, and (¢) of FIG. 4. The full-color
image forming sequence is the same as the conventional
full-color image forming sequence.

When the image forming apparatus 100 receives a print
signal from an unshown host information device such as a
personal computer, the image forming apparatus 100 starts a
printing operation to carry out an activating operation (rising
operation) of the unshown intermediary transfer belt driving
motor (step 1). The CPU 51 rotates the eccentric cam 21k of
the black image forming station Sk by connecting an
unshown clutch with the eccentric cam 21k%. Then, as shown in
(b) of FIG. 2, only the primary transfer brush 5% as the first
transfer member is placed in the contact state with the inter-
mediary transfer belt 6 toward the photosensitive drum 1% as
the first image bearing member (step 2). After the primary
transfer brush 5% is placed in the contact state, the primary
transfer power source 50 is activated (step 3). The CPU 51
effects a constant current control of the primary transfer
power source 50 at a target current Im, and then stores a
generated voltage value Va of the primary transfer power
source 50 at that time for a predetermined time to calculate an
average Vp (step 4). After the calculation of the average Vp,
the CPU 51 deactivates the primary transfer power source 50
(step 5). The CPU 51 rotates the eccentric cams 21y, 21m, 21¢
and 21k of the yellow, magenta and cyan image forming
stations Sy, Sm, Sc and Sk by connecting unshown clutches to
the eccentric cams. Then, as shown in (a) of FIG. 2, all the
primary transfer brushes 5y, Sm, 5¢ and 5k as the second
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transfer member are placed in the contact state with the inter-
mediary transfer belt 6 toward the photosensitive drums 1y,
1m, 1c and 1% as the second image bearing member (step 6).
After the primary transfer brushes 5y, 5m, 5¢ and 5k are
placed in the contact state, the primary transfer power source
50 is activated (step 7). After the primary transfer power
source 50 is activated, Vp is applied as a transfer voltage for
the image formation, that the toner images are transferred
from the photosensitive drums 1y, 1m and 1c¢ onto the outer
peripheral surface of the intermediary transfer belt 6 (step 8).
After the toner images are completely transferred from the
photosensitive drums 1y, 1m and 1¢ onto the outer peripheral
surface of the intermediary transfer belt 6, the application of
the transfer voltage Vp is ended and then the primary transfer
power source 50 is deactivated (step 9). After the deactivation
of the primary transfer power source 50 is ended, the CPU 51
connects the unshown clutches to the eccentric cams 21y,
21m, 21¢ and 21k to rotate the eccentric cams 21y, 21m, 21c¢
and 214, so that as shown in (c) of FIG. 2, all the primary
transfer brushes 5y, 5m, Sc and 5k is placed in the spaced state
from the intermediary transfer belt 6 (step 10). After the
spacing operation of the primary transfer brushes 5y, Sm, 5¢
and 5k is ended, the unshown intermediary transfer belt driv-
ing motor is stopped to end the image formation (step 11).

In FIG. 6, (a) and (b) show results of continuous image
formation, in Conventional example and Embodiment 1,
respectively, in which the operation in the monochromatic
image forming mode (“M”) and the opposite in the full-color
mode (“C”) are alternately performed. In each of (a) and (b)
of FIG. 6, with respect to an increasing print number, pro-
gression of a resistance value Rk at the image forming station
Sk, progression of an average resistance value Rymc at the
image forming stations Sy, Sm and Sc, and progression of a
difference AR=Rk-Rymc are shown.

The image formation was first carried out by the operation
in the monochromatic image forming mode and then was
carried out by the operation in the full-color image forming
mode. These operations were alternately repeated every 10K
(10x10%) sheets. At the time of switching, a rest state for 20
minutes was provided. Calculation ofthe resistance value was
made at the time of start of the continuous image formation
and immediately after each switching between the operations
in the respective image forming modes.

Here, the resistance value Rk at the image forming station
Sk was calculated according to the following equation by
using a generation voltage Vp.

Rik=Vp/Im

In the above equation, Im represents the target current in
step 4 in the monochromatic image forming sequence.

Further, the average resistance value Rymc at the image
forming stations Sy, Sm and Sc was calculated according to
the following equation.

Rymce=3Vp/(If~Im)

In the above equation, Im represents the target current in
step 4 in the monochromatic image forming mode, and If
represents the sum of transfer currents flowing through the
image forming stations Sy, Sm, Sc and Ck in step 8 in the
full-color image forming sequence.

On the suppression of actual use of the image forming
apparatus by a user, the continuous image formation was
carried out by an intermittent operation, until the print num-
ber reaches 60x10° sheets which is the end of a lifetime of a
main assembly of the image forming apparatus, in which a
cycle of image formation of 2 sheets and then a rest for 5
seconds was repeated. During both the monochromatic image
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formation and the full-color image formation, the target cur-
rent Imwas 10 pA. In the flowchart of FIG. 5, a predetermined
time M was 3 minutes, and a predetermined print number A
was 10 sheets. Further, the adjusting voltage Vn of the oppo-
site polarity to the polarity to the polarity of the transfer
voltage Vp was —1000 V. Further, an application time of the
adjusting voltage Vn was 1000 ms.

The above-described values are determined in advance by
conducting a durability test so as to provide a small difference
AR=Rk-Rymec.

Here, with reference to FIG. 5, the monochromatic image
forming sequence in the present invention will be described.

In the case of the above setting, along the flowchart of FIG.
5, the first monochromatic image forming sequence is
executed until the print number reaches 9 sheets. After 10-th
sheet or later, the second monochromatic image forming
sequence is executed.

That is, in the flowchart of FIG. 5, when the monochro-
matic image formation is started (S1), the print number (the
number of sheets subjected to the image formation), i.e., in
this embodiment, “g” which represents the print number
within 3 minutes (“M”) in the operation in the monochro-
matic image forming mode, is discriminated as to whether or
not “g” is not less than “I” (10 sheets which is the predeter-
mined print number) (S2). In the case of less than 10 sheets,
i.e., inthe case of “NO” in S1, the first monochromatic image
forming sequence is executed, so that step 1 to step 5 in (a) of
FIG. 4 are carried out (S3). In step 6 of (a) of FIG. 4, the
transfer voltage Vp is turned off, and then is step 7 of (a) of
FIG. 4, the primary transfer brush 5% is spaced from the
intermediary transfer belt 6 at the black image forming sta-
tion. Thereafter, in step of (a) of FIG. 4, the drive of the
intermediary transfer belt 6 is stopped. Thus, the monochro-
matic image formation is ended (S5).

In the case where the print number in the operation in the
monochromatic image forming mode is 10 sheets or more,
i.e.,inthecase of “YES”in S2, the sequence is switched to the
second monochromatic image forming sequence (S4), and
thenstep 1to step 5 of (b) of FIG. 4 are carried out, along steps
6, 7 and 8 of (b) of FIG. 4, the adjusting voltage Vn of the
opposite polarity to the polarity of the transfer voltage Vp is
applied, and then the adjusting voltage Vn is turned off in step
9 of (b) of FIG. 4. Thereafter, the spacing of the primary
transfer brush 5% in step 10 of (b) of FI1G. 4 and the drive stop
of the intermediary transter belt 6 in step 11 of (b) of FIG. 4
are performed. Thus, the monochromatic image formation is
ended (S5).

Further, until 10 sheets after the image forming mode is
switched from the full-color image forming mode to the
monochromatic image forming mode, the first monochro-
matic image forming sequence is carried out, and then the
second monochromatic image forming sequence is carried
out.

As shown in (a) and (b) of FIG. 6, in both Conventional
example and Embodiment 1, the average resistance value
Rymc at the image forming stations Sy, Sm and Sc was 30
MQ at the time of start of the continuous image formation,
whereas the average resistance value Rymc was 37 MQ after
the end of the continuous image formation of 60x10° sheets,
so that the average resistance value Rymc was increased by 7
MQ by the continuous image formation. The increase in
resistance was not generated during the monochromatic
image formation, but was generated only during the full-color
image formation. This would be considered because the anion
component of the ion conductive agent is not deposited on the
surfaces of the primary transfer brushes 5y, 5m and 5c¢ since
the primary transfer brushes 5y, Sm and 5¢ of the image
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forming stations Sy, Sm and Sc are spaced from the interme-
diary transfer belt 6 during the monochromatic image forma-
tion. In Conventional example shown in (a) of FIG. 6, the
resistance value Rk at the image forming station Sk was 30
MQ as an initial value and was 51 MQ after the end of the
continuous image formation of 60x10° sheets, and therefore,
the resistance was increased by 21 MQ by the continuous
image formation.

On the other hand, in Embodiment 1 shown in (b) of FIG.
6, the resistance value Rk was 30 MQ as the initial value and
was 42 MQ after the end of the continuous image formation
of 60x10° sheets and therefore the increase in resistance by
the continuous image formation was suppressed to 12 MQ.
This is because in this embodiment, the resistance value is
suppressed by executing the second monochromatic image
forming sequence in the case where the image formation of 10
sheets or more is carried out within 3 minutes. That is, it
would be considered the anion component of the ion conduc-
tive agent moved to the belt back surface side by the transfer
electric field number application of the transfer voltage Vp
during the monochromatic image forming sequence is
returned to the belt front surface side by applying the adjust-
ing voltage Vn of the opposite polarity to the polarity of the
transfer voltage Vp for 1000 ms, and as a result, the deposition
of the anion component in the belt back surface side is sup-
pressed. As a result, the resistance value difference, AR=Rk-
Rymc, which is the difference between the resistance value
Rk at the black image forming station Sk and the average
resistance value Rymc at the image forming stations Sy, Sm
and Sc was 14 MQ in Conventional example, but was 5 MQ
in this embodiment, and therefore, also with respect to the
resistance value difference AR, compared with Conventional
example, the value of AR was considerably suppressed in this
embodiment.

TABLE 1
PRIMARY TRANSFER VOLTAGE (V)
STATION 100 200 300 400 500
CONV. Sy, Sm C B A B C
EX. AND Sc WE WE — SE SE
Sk C C B A B
ALONE WE WE  WE — SE
EMB.1 Sy, Sm C B A B C
AND Sc WE WE — SE SE
Sk C B A B C
ALONE WE WE — SE SE
In Table 1, “A” represents no generation of image defect,
“B” represents image defect generation within tolerance

limit, and “C” represents image defect generation more than
tolerance limit. Further, “WE” represents the weak-field
transfer error (failure), and “SE” represents the strong-field
transfer error (failure).

Table 1 is an image evaluation result when the image for-
mation is effected by the operation in the full-color image
forming mode by using each of the image forming apparatus
in Conventional example and the image forming apparatus in
this embodiment (Embodiment 1), after the end of the con-
tinuous image formation of 60x10° sheets. The image evalu-
ation was made in such a manner that the case where the
image defect (strong-field transfer error, weak-field transfer
error) more than the tolerance limit was evaluated as “C”, the
case where the image defect (strong-field transfer error,
weak-field transfer error) within the tolerance limit was
evaluated as “B”, and the case where there was no image
defect (strong-field transfer error, weak-field transfer error)
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was evaluated as “A”. During the image formation, constant
voltages from 100V to 500 V were applied with an increment
of 100 V. As shown in Table 1, in the case where the image
forming apparatus in Conventional example was used, at the
image forming stations Sy, Sm and Sc, 300V was an optimum
value, as the primary transfer voltage, at which the image
defect was not generated. On the other hand, at the image
forming station Sk, 400 V was the optimum value as the
primary transfer voltage. This would be considered because
the transfer electric field is weakened at the image forming
station Sk correspondingly to the increase in resistance value
Rk at the image forming station Sk in Conventional example.

Accordingly, in Conventional example, even when any
primary transfer voltage was selected, the image defect was
generated at any of the image forming stations Sy, Sm and Sc
or the image forming station Sk. On the other hand, in this
embodiment, even at both the image forming stations Sy, Sm
and Sc and the image forming station Sk, 300 V was the
optimum value as the primary transfer voltage, so that both
the image defect with the weak-field transfer error and the
image defect with the strong-field transfer error were not
generated.

In FIG. 7, (a) is a graph showing a relationship between a
voltage and a current at the image forming station Sk and at
the image forming stations and showing an image defect
generation range in Conventional example, and (b) is a graph
showing the relationship and the image defect generation
range in Embodiment 1.

As shown in (a) of FIG. 7, in Conventional example, at both
the image forming station Sk and the image forming stations
Sy, Sm and Sc, the image defect was not generated in a current
value range of 7-9 pA, the strong-field transfer error was
generated at the current value exceeding 9 pA, and the weak-
field transfer error was generated at the current value less than
7 pA. This is true for Embodiment 1 shown in (b) of FIG. 7.
That is, it was turned out that the generation or non-genera-
tion of the image defect is determined by the current value.

From the viewpoint of this current value, in Conventional
example, after the continuous image formation, the resistance
atthe image forming station Sk and the resistance at the image
forming stations Sy, Sm and Sc are largely different from each
other, and thus when a common primary transfer voltage is
applied, the resultant current values are also largely different
from each other, and therefore, either one of the image defects
is generated. On the other hand, in this embodiment, after the
continuous image formation, there is no large difference in
resistance value between the image forming station Sk and
the image forming stations Sy, Sm and Sc, and therefore,
there is also no large difference even in the case where the
common primary transfer voltage is applied. Accordingly,
when setting is made so that the current of a proper value
flows through the image forming stations, it is possible to
suppress and prevent the generation of both the image defects.

Next, from the viewpoint of the voltage value, at the image
forming station Sk after the continuous image formation in
Conventional example, the image defect was not generated in
a voltage range SV2 in (a) of FIG. 7. Further, at the image
forming stations Sy, Sm and Sc after the continuous image
formation in Conventional example, the image defect was not
generated in a voltage range SV1 in (a) of FIG. 7. However, in
(a) of FIG. 7, there was no overlapping voltage range between
the voltage range SV1 and the voltage range SV2, and there-
fore there was no voltage range in which the image defect was
not generated at both the image forming station Sk and the
image forming stations Sy, Sm and Sc after the continuous
image formation. On the other hand, at both the image form-
ing station Sk and the image forming stations Sy, Sm and Sc
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after the continuous image formation in this embodiment, the
image defect was not generated in an overlapping voltage
range SV13 between a voltage range SV11 and a voltage
range SV12 in (b) of FIG. 7.

As described above, according to this embodiment, by
suppressing the resistance increase at the image forming sta-
tion Sk, it is possible to suppress the resistance increase
difference between the image forming stations Sy, Sm and Sc
and the image forming station Sk.

As a result, by setting the transfer voltage value in the
above overlapping voltage range SV13, it is possible to sup-
press and prevent the generation of the image defects (weak-
field transfer error and strong-field transfer error) generated
due to the resistance increase difference between the image
forming stations.

Thatis, in this embodiment in which the second monochro-
matic image forming sequence including the adjusting opera-
tion is executable after the image formation of a predeter-
mined number of transfer materials (sheets), it is possible to
suppress the resistance increase difference between the image
forming stations, and thus it is possible to suppress and pre-
vent the generation of the image defects.
<Embodiment 2>

An image forming apparatus in this embodiment is only
different from the image forming apparatus in Embodiment 1
in that a third monochromatic image forming sequence is
executed in place of the second monochromatic image form-
ing sequence in Embodiment 1. Other constitutions of the
image forming apparatus in this embodiment are the same as
those of the image forming apparatus in Embodiment 1, and
therefore will be omitted from description.

(Third Monochromatic Image Forming Sequence)

In this embodiment, (a) of FIG. 8 shows a sequence chart
the third monochromatic image forming sequence in this
embodiment.

When the image forming apparatus 100 receives a print
signal from an unshown host information device such as a
personal computer, the image forming apparatus 100 starts a
printing operation to activate (actuate) an unshown interme-
diary transfer belt driving motor (step 1). The CPU 51 rotates
the eccentric cam 21% of the black image forming station Sk
by connecting an unshown clutch with the eccentric cam 214.
Then, as shown in (b) of FIG. 2, only the primary transfer
brush 5% is placed in the contact state with the intermediary
transfer belt 6 toward the photosensitive drum 1% (step 2).
After the primary transfer brush 5% is placed in the contact
state, the primary transfer power source 50 is activated (step
3). The CPU 51 effects a constant current control of the
primary transfer power source 50 at a target current Im, and
then stores a generated voltage value Va of the primary trans-
fer power source 50 at that time for a predetermined time to
calculate an average Vp (step 4). After the calculation of the
average Vp, Vp is applied as a transfer voltage for the image
formation, that the toner image is transferred from the pho-
tosensitive drum 1% onto the outer peripheral surface of the
intermediary transfer belt 6 (step 5). After the toner image is
completely transferred from the photosensitive drum 1% onto
the outer peripheral surface of the intermediary transfer belt
6, the application of the transfer voltage Vp is ended and then
the primary transter power source 50 is deactivated (step 6).
After the deactivation of the primary transfer power source 50
is ended, the CPU 51 connects the unshown clutch to the
eccentric cam 21k to rotate the eccentric cam 21%, so that as
shown in (¢) of FIG. 2, the primary transfer brush 5% is placed
in the spaced state from the intermediary transfer belt 6. Atthe
same time, by connecting the unshown clutches to the eccen-
tric cams 21y, 21m and 21c¢, the eccentric cams 21y, 21m and
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21c of the yellow, magenta and cyan image forming stations
Sy, Sm and Sc are rotated, so that the primary transfer brushes
5y, 5m and 5S¢ are placed in the contact state with the inter-
mediary transfer belt 6 toward the photosensitive drums 1y,
1m and 1c¢ (step 7). After the contact state, the primary transfer
power source 50 is activated (step 8). After the primary trans-
fer power source 50 is activated, a voltage Vq of a polarity
identical to the polarity of the transfer voltage Vp is applied
for a predetermined time T2 (step 9). After the application of
the voltage Vq of the identical polarity to the polarity of the
transfer voltage Vp, the primary transfer power source 50 is
deactivated (step 10). After the primary transfer power source
50 is deactivated, the CPU 51 connects the unshown clutches
to the eccentric cams 21y, 21m and 21¢ to rotate the eccentric
cams 21y, 21m and 21¢, thus placing the primary transfer
brushes 5y, Sm and 5c¢ in the spaced state from the interme-
diary transfer belt 6 as shown in (¢) of FIG. 2 (step 11). After
the spacing operation is ended, the unshown intermediary
transfer belt driving motor is deactivated (step 12).

As described above, in the case where the monochromatic
image formation of the predetermined print number or more
is carried out within the predetermined time, by executing the
third monochromatic image forming sequence, not only the
resistance at the image forming station Sk but also the resis-
tance at the image forming stations Sy, Sm and Sc are
increased. As a result, it becomes possible to suppress the
resistance value difference AR between the resistance at the
image forming station Sk and the resistance at the image
forming stations Sy, Sm and Sc.

This is because in step 9 of the third monochromatic image
forming sequence, the primary transfer current flow through
only the image forming stations Sy, Sm and Sc but does not
flow through the image forming station Sk.

InFIG. 8, (b) shows a result of continuous image formation
in this embodiment similarly effected as Embodiment 1 in
which the operation in the monochromatic image forming
mode (“M”) and the opposite in the full-color mode (“C”) are
alternately performed. In (b) of FIG. 8, with respect to an
increasing print number, progression of a resistance value Rk
at the image forming station Sk, progression of an average
resistance value Rymc at the image forming stations Sy, Sm
and Sc, and progression of a difference AR=Rk-Rymc are
shown.

In this embodiment, the voltage Vq was 800 V. Further, the
predetermined application time T2 was 1000 ms. The above-
described values are determined in advance by conducting a
durability test so as to provide a small difference AR. In this
embodiment shown in (b) of FIG. 8, similarly as in Conven-
tional example, the resistance value Rk at the image forming
station Sk was 30 MQ as an initial value and was 51 MQ after
the end of the continuous image formation of 60x10° sheets,
and therefore, the resistance was increased by 21 MQ by the
continuous image formation. With reference to the average
resistance value Rymc at the image forming stations Sy, Sm
and Sc, in Conventional example, it was not increased during
the monochromatic image formation, but was increased dur-
ing the full-color image formation. Specifically, as shown in
(a) of FIG. 6, the average resistance value Rymc was 30 MQ
at the time of start of the continuous image formation,
whereas the average resistance value Rymc was 37 MQ after
the end of the continuous image formation of 60x10° sheets,
so that the average resistance value Rymc was increased by 7
ME by the continuous image formation. On the other hand, in
this embodiment, the average resistance value Rymc was
increased not only during the full-color image formation but
also during the monochromatic image formation, and was 30
ME as the initial value, whereas the average resistance value
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Rymc was 45 MQ after the end of the continuous image
formation of 60x10> sheets, so that the average resistance
value Rymc was increased by 15 MQ by the continuous
image formation.

This would be considered because in this embodiment, the
primary transfer voltage is applied in the contact state of the
primary transfer brushes 5y, 5m and 5¢ of the image forming
stations Sy, Sm and Sc by executing the third monochromatic
image forming sequence also during the monochromatic
image formation, and therefore, similarly as in the case of the
image forming station Sk, the anion component of the ion
conductive agent is deposited on the surface of the primary
transfer member to increase the resistance.

As shown by the above results, in this embodiment, also the
average resistance value Rymc at the image forming stations
Sy, Sm and Sc was increased similarly as the case of the
resistance Rk at the image forming station Sk. As a result, the
resistance value difference AR which is the difference
between the resistance value Rk at the black image forming
station Sk and the average resistance value Rymc at the image
forming stations Sy, Sm and Sc was 14 MQ in Conventional
example, but was 6 MQ in this embodiment, and therefore,
compared with Conventional example, the value of AR was
considerably suppressed in this embodiment.

TABLE 2

PRIMARY TRANSFER VOLTAGE (V)

STATION 100 200 300 400 500

EMB.2 Sy, Sm C B B A B
AND Sc WE WE WE — SE
Sk C C B A B
ALONE WE WE WE — SE

In Table 2, “A” represents no generation of image defect,
“B” represents image defect generation within tolerance
limit, and “C” represents image defect generation more than
tolerance limit. Further, “WE” represents the weak-field
transfer error (failure), and “SE” represents the strong-field
transfer error (failure).

Table 2 shows an image evaluation result similar to that in
Table 1 of Embodiment 1. As shown in Table 1, in the image
forming apparatus in Conventional example, either one of the
image defects with the strong-field transfer error and the
weak-field transfer error was generated even at any of the
transfer voltages Vp. On the other hand, as shown in Table 2,
in this embodiment, when the transfer voltage Vp was 400V,
both the image defects with the strong-field transfer error and
the weak-field transfer error were not generated. This would
be considered because the average resistance value Rymc at
the image forming stations Sy, Sm and Sc in this embodiment
is increased similarly as the resistance value Rk at the image
forming station Sk and thus also the transfer electric field at
the image forming stations, Sy, Sm and Sc is weakened simi-
larly as in the transfer electric field at the image forming
station Sk.

As described above, according to this embodiment, by
increasing the resistance value at the image forming stations,
Sy, Sm and Sc similarly as the resistance value at the image
forming station Sk, it is possible to suppress the resistance
increase difference between the image forming stations Sy,
Sm and Sc and the image forming station Sk, so that it is
possible to suppress and prevent the generation of the image
defects (weak-field transfer error and strong-field transfer
error) generated due to the resistance increase difference
between the image forming stations.
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<Embodiment 3>

An image forming apparatus in this embodiment is only
different from the image forming apparatus in Embodiment 1
in that a fourth monochromatic image forming sequence is
executed in place of the monochromatic image forming
sequences in Embodiments 1 and 2. Other constitutions of the
image forming apparatus in this embodiment are the same as
those of the image forming apparatus in Embodiment 1, and
therefore will be omitted from description.

(Fourth Monochromatic Image Forming Sequence)

In this embodiment, (a) of FIG. 9 shows a sequence chart
the fourth monochromatic image forming sequence in this
embodiment.

When the image forming apparatus 100 receives a print
signal from an unshown host information device such as a
personal computer, the image forming apparatus 100 starts a
printing operation to activate (actuate) an unshown interme-
diary transfer belt driving motor (step 1). The CPU 51 rotates
the eccentric cam 21% of the black image forming station Sk
by connecting an unshown clutch with the eccentric cam 214.
Then, as shown in (b) of FIG. 2, only the primary transfer
brush 5% is placed in the contact state with the intermediary
transfer belt 6 toward the photosensitive drum 1% (step 2).
After the primary transfer brush 5% is placed in the contact
state, the primary transfer power source 50 is activated (step
3). The CPU 51 effects a constant current control of the
primary transfer power source 50 at a target current Im, and
then stores a generated voltage value Va of the primary trans-
fer power source 50 at that time for a predetermined time to
calculate an average Vp (step 4). After the calculation of the
average Vp, Vp is applied as a transfer voltage for the image
formation, that the toner image is transferred from the pho-
tosensitive drum 1% onto the outer peripheral surface of the
intermediary transfer belt 6 (step 5). After the toner image is
completely transferred from the photosensitive drum 1% onto
the outer peripheral surface of the intermediary transfer belt
6, the application of the transfer voltage Vp is ended and then
the primary transfer power source 50 is deactivated (step 6).
After the deactivation of the primary transfer power source 50
is ended, the CPU 51 connects the unshown clutches to the
eccentric cams 21y, 21m and 21¢ as shownin (a) of FIG. 2, the
eccentric cams 21y, 21m and 21¢ of the yellow, magenta and
cyan image forming stations Sy, Sm and Sc are rotated, so that
all the primary transfer brushes 5y, Sm, 5¢ and 5% are placed
in the contact state with the intermediary transfer belt 6
toward the photosensitive drums 1y, 1m, 1¢ and 1% (step 7).
After the contact state, the primary transfer power source 50
is activated (step 8). After the primary transfer power source
50 is activated, forced light emission of the exposure is car-
ried out at the image forming station Sk to lower a potential of
the photosensitive drum 14, and at the same time, a voltage Vq
of'a polarity identical to the polarity of the transtfer voltage Vp
is applied for a predetermined time T2 (step 9). After the
application of the voltage Vq of the identical polarity to the
polarity of the transfer voltage Vp, the primary transfer power
source 50 is deactivated (step 10). After the primary transfer
power source 50 is deactivated, the CPU 51 connects the
unshown clutches to the eccentric cams 21y, 21m, and 21c¢ to
rotate the eccentric cams 21y, 21m, 21¢ and 21%, thus placing
the primary transfer brushes 5y, Sm, 5¢ and 5k in the spaced
state from the intermediary transfer belt 6 as shown in (c) of
FIG. 2 (step 11). After the spacing operation is ended, the
unshown intermediary transfer belt driving motor is deacti-
vated (step 12).

As described above, in the case where the monochromatic
image formation of the predetermined print number or more
is carried out within the predetermined time, by executing the
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third monochromatic image forming sequence, not only the
resistance at the image forming station Sk but also the resis-
tance at the image forming stations Sy, Sm and Sc are
increased, so that it becomes possible to suppress the resis-
tance at the image forming station Sk and the resistance value
difference AR at the image forming stations Sy, Sm and Sc.

In step 9, the primary transfer current flows through the
image forming station Sy, Sm and Sc but little flows through
the image forming station Sk. This is because in step 9, the
surface potential of the photosensitive drum 1% is lowered by
the forced light emission by the exposure device 34, and thus
a contract with the voltage Vq is made smaller than an electric
discharge threshold. As a result, by the sequence in step 9, the
anion component of the ion conductive agent is deposited on
the primary transfer brushes 5y, 5m and 5c¢ at the image
forming stations Sy, Sm and Sc, and therefore the resistance
at the image forming stations Sy, Sm and Sc is increased. As
described above, it becomes possible to suppress the resis-
tance value difference AR between the resistance at the image
forming station Sk and the resistance at the image forming
stations Sy, Sm and Sc.

InFIG. 9, (b) shows a result of continuous image formation
in this embodiment similarly effected as Embodiments 1 and
2, in which the operation in the monochromatic image form-
ing mode (“M”) and the opposite in the full-color mode (“C”)
are alternately performed. In (b) of FIG. 9, with respect to an
increasing print number, progression of a resistance value Rk
at the image forming station Sk, progression of an average
resistance value Rymc at the image forming stations Sy, Sm
and Sc, and progression of a difference AR=Rk-Rymc are
shown.

In this embodiment, the voltage Vq was 800 V. Further, the
predetermined application time T2 was 1000 ms. The above-
described values are determined in advance by conducting a
durability test so as to provide a small difference AR. In this
embodiment shown in (b) of FIG. 9, the resistance value Rk at
the black image forming station Sk was 30 MQ as an initial
value and was 52 MQ after the end of the continuous image
formation of 60x10° sheets, and therefore, the resistance was
increased by 22 MQ by the continuous image formation. On
the other hand, the average resistance value Rymc at other
image forming stations Sy, Sm and Sc was 30 MQ as the
initial value, whereas the average resistance value Rymec was
37 MQ after the end of the continuous image formation of
60x10° sheets, so that the average resistance value Rymc was
increased only by 7 M2 by the continuous image formation.
On the other hand, in this embodiment, the average resistance
value Rymc was 30 MQ as the initial value, whereas the
average resistance value Rymc was 45 MQ after the end of the
continuous image formation of 60x10° sheets, so that the
average resistance value Rymc was increased by 15 MQ by
the continuous image formation.

This would be considered because in this embodiment,
similarly as in Embodiment 2, the primary transfer voltage is
applied in the contact state of the primary transfer brushes 5y,
5m and 5¢ of the image forming stations Sy, Sm and Sc by
executing the fourth monochromatic image forming
sequence in the case where the monochromatic image forma-
tion of 10 sheets or more is carried out within 3 minutes, and
therefore, similarly as in the case of the image forming station
Sk, the anion component of the ion conductive agent is depos-
ited on the surface of the primary transfer member to increase
the resistance.

As shown by the above results, also in this embodiment,
similarly as in Embodiment 2, also the average resistance
value Rymc at the image forming stations Sy, Sm and Sc was
increased similarly as the case of the resistance Rk at the
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image forming station Sk. As a result, the resistance value
difference AR which is the difference between the resistance
value Rk at the black image forming station Sk and the aver-
age resistance value Rymc at the image forming stations Sy,
Sm and Sc was 14 MQ in Conventional example, but was 7
M in this embodiment, and therefore, compared with Con-
ventional example, the value of AR was considerably sup-
pressed in this embodiment.

TABLE 3

PRIMARY TRANSFER VOLTAGE (V)

STATION 100 200 300 400 500

EMB.3 Sy, Sm C B B A B
AND Sc WE WE WE — SE
Sk C C B A B
ALONE WE WE WE — SE

In Table 3, “A” represents no generation of image defect,
“B” represents image defect generation within tolerance
limit, and “C” represents image defect generation more than
tolerance limit. Further, “WE” represents the weak-field
transfer error (failure), and “SE” represents the strong-field
transfer error (failure).

Table 3 shows an image evaluation result similar to those in
Tables 1 and 2 of Embodiments 1 and 2. As shown in Table 1,
in the image forming apparatus in Conventional example,
either one of the image defects with the strong-field transfer
error and the weak-field transfer error was generated even at
any of the transfer voltages. On the other hand, as shown in
Table 3, in this embodiment, similarly as in Embodiment 2,
when the transfer voltage V was 400 V, both the image defects
with the strong-field transfer error and the weak-field transfer
error were not generated. This would be considered because,
similarly as in Embodiment 2, the average resistance value
Rymc at the image forming stations Sy, Sm and Sc in this
embodiment is increased similarly as the resistance value Rk
at the image forming station Sk and thus also the transfer
electric field at the image forming stations, Sy, Sm and Sc is
weakened similarly as in the transfer electric field at the
image forming station Sk.

As described above, also according to this embodiment, by
increasing the resistance value at the image forming stations,
Sy, Sm and Sc similarly as the resistance value at the image
forming station Sk similarly as in Embodiment 2, it is pos-
sible to suppress the resistance increase difference between
the image forming stations Sy, Sm and Sc and the image
forming station Sk, so that it is possible to suppress and
prevent the generation of the image defects (weak-field trans-
fer error and strong-field transfer error) generated due to the
resistance increase difference between the image forming
stations.

Incidentally, in step 9 in this embodiment, the voltage Vq of
the identical polarity to the polarity of the transfer voltage Vp
is applied, but the voltage Vq may also have the opposite
polarity to the polarity of the transfer voltage Vp. This is
because an effect such that the resistance increase difference
in suppressed can be similarly obtained by lowering the resis-
tances at the respective image forming stations.

While the invention has been described with reference to
the structures disclosed herein, it is not confined to the details
set forth and this application is intended to cover such modi-
fications or changes as may come within the purpose of the
improvements or the scope of the following claims.

10

15

25

40

45

55

65

22

This application claims priority from Japanese Patent
Application No. 127001/2013 filed Jun. 17, 2013, which is
hereby incorporated by reference.

What is claimed is:

1. An image forming apparatus comprising:

a first image bearing member for bearing a toner image;

a second image bearing member for bearing a toner image;

a transfer belt having electroconductivity;

a first transfer member provided correspondingly to said

first image bearing member via said transfer belt;

a second transfer member provided correspondingly to

said second image bearing member via said transfer belt;

a high-voltage power source for applying a voltage to said

first and second transfer members; and

a controller,

wherein after an image is continuously formed on a plural-

ity of transfer materials by applying, to said first transfer
member, a voltage of a predetermined polarity from said
high-voltage power source in a state in which said first
transfer member contacts said transfer belt and in which
said second transfer member is spaced from said transfer
belt, said controller executes an adjusting operation in
which a voltage of a polarity opposite to the predeter-
mined polarity is applied from said high-voltage power
source to said first transfer member in a state in which
said second transfer member is spaced from said transfer
belt.

2. An image forming apparatus according to claim 1,
wherein said transfer belt is a belt containing an ion conduc-
tive agent.

3. An image forming apparatus according to claim 2,
wherein each of said first and second transfer members is a
fixed transfer member rubbing against said transfer belt.

4. An image forming apparatus according to claim 3,
wherein each of said first and second transfer members
includes brush fibers rubbing against said transfer belt and a
holding portion for holding the brush fibers.

5. An image forming apparatus according to claim 4,
wherein each of said first and second transfer members fur-
ther includes a swingable arm,

wherein said image forming apparatus further comprises a

contact-and-separation unit for moving each of said first
and second transfer members toward and away from said
transfer belt by swinging an associated swingable arm.

6. An image forming apparatus according to claim 1,
wherein the adjusting operation is always performed after the
image is continuously formed on the plurality of transfer
materials by applying, to said first transfer member, the volt-
age of the predetermined polarity from said high-voltage
power source in the state in which said first transfer member
contacts said transfer belt and in which said second transfer
member is spaced from said transfer belt.

7. An image forming apparatus according to claim 1, fur-
ther comprising:

a third image bearing member for bearing a toner image;

a fourth image bearing member for bearing a toner image;

a third transfer member provided correspondingly to said

third image bearing member via said transfer belt; and

a fourth transfer member provided correspondingly to said

fourth image bearing member via said transfer belt,
wherein said high-voltage power source applies a voltage
to said third and fourth transfer members.

8. An image forming apparatus according to claim 7,
wherein in a state in which said first transfer member contacts
said transfer belt and in which said second transfer member is
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spaced from said transfer belt, said third and fourth transfer
members are spaced from said transfer belt similarly as said
second transfer member.

9. An image forming apparatus comprising:

a first image bearing member for bearing a toner image;

a second image bearing member for bearing a toner image;

a transfer belt having electroconductivity;

a first transfer member provided correspondingly to said

first image bearing member via said transfer belt;

a second transfer member provided correspondingly to

said second image bearing member via said transfer belt;

a high-voltage power source for applying a voltage to said

first and second transfer members; and

a controller,

wherein after an image is continuously formed on a plural-

ity of transfer materials by applying, to said first transfer
member, a voltage of a predetermined polarity from said
high-voltage power source in a state in which said first
transfer member contacts said transfer belt and in which
said second transfer member is spaced from said transfer
belt, said controller executes an adjusting operation in
which a voltage of a polarity identical to the predeter-
mined polarity is applied from said high-voltage power
source to said second transfer member in a state in which
said first transfer member is spaced from said transfer
belt and in which said second transfer member contacts
said transfer belt.

10. An image forming apparatus according to claim 9,
wherein said transfer belt is a belt containing an ion conduc-
tive agent.

11. An image forming apparatus according to claim 10,
wherein each of said first and second transfer members is a
fixed transfer member rubbing against said transfer belt.

12. An image forming apparatus according to claim 11,
wherein each of said first and second transfer members
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includes brush fibers rubbing against said transfer belt and a
holding portion for holding the brush fibers.

13. An image forming apparatus according to claim 12,
wherein each of said first and second transfer members fur-
ther includes a swingable arm,

wherein said image forming apparatus further comprises a

contact-and-separation unit for moving each of said first
and second transfer members toward and away from said
transfer belt by swinging an associated swingable arm.

14. An image forming apparatus according to claim 9,
wherein the adjusting operation is always performed after the
image is continuously formed on the plurality of transfer
materials by applying, to said first transfer member, the volt-
age of the predetermined polarity from said high-voltage
power source in the state in which said first transfer member
contacts said transfer belt and in which said second transfer
member is spaced from said transfer belt.

15. An image forming apparatus according to claim 9,
further comprising:

a third image bearing member for bearing a toner image;

a fourth image bearing member for bearing a toner image;

a third transfer member provided correspondingly to said

third image bearing member via said transfer belt; and

a fourth transfer member provided correspondingly to said

fourth image bearing member via said transfer belt,
wherein said high-voltage power source applies a voltage
to said third and fourth transfer members.

16. An image forming apparatus according to claim 15,
wherein in a state in which said first transfer member is
spaced from said transfer belt and in which said second trans-
fer member contacts said transfer belt, said third and fourth
transfer members contact said transfer belt similarly as said
second transfer member.
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